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TITLE OF THE INVENTION 
MALFUNCTION-DETECTION METHOD IN INJECTION MOLDING 
MACHINES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-270017, filed September 17, 2002, 
the entire contents of which are incorporated herein by- 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of 
detecting a malfunction during the step of ejecting a 
molded product out of dies in an electric or hydraulic 
injection-molding machine. 

2. Description of the Related Art 

In the injection-molding machine, a molded product 
is obtained by closing the dies, supplying resin into 
the dies from an injection unit, setting the resin, 
opening the dies, pushing an ejector pin incorporated 
in a movable die out of the die surface, and removing 
the molded product from the die. 

A malfunction in the ejection step can be detected 
by a method disclosed, for example, in Japanese Patent 
Application KOKAI publication No. 2002-018924. In this 
method, first, data of the torque of an ejector-pin 
driving motor versus time (or the position of the 
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ejector pin) is obtained when a molded product is 
normally removed (normal operation) . The data is 
stored as a reference pattern in a control system, and 
also the tolerance (a permissible deviation from the 
5 reference pattern) of the torque is set based on the 

reference pattern. Thereafter, the ejection step is 
performed while change of torque with time (or position 
of the ejector pin) is monitored. When a torque falls 
outside the tolerance, it is determined that a 

10 malfunction occurred and then an alarm is raised. 

As described above, in the conventional 
malfunction detection method, torque of the ejector-pin 
driving motor with time (or position of the ejector 
pin) is monitored and compared with the reference 

15 pattern. However, in this case, since a large amount 

of data is required for storing the reference pattern 
in the memory of the control system, effective use of 
the memory is limited. 

BRIEF SUMMARY OF THE INVENTION 

20 The present invention has been attained with the 

view toward overcoming the problems of a conventional 
malfunction detection method, particularly, during the 
ejecting step in an injection-molding machine. An 
object of the present invention is to provide a method 

25 of detecting a malfunction capable of accurately 

detecting a malfunction in the ejecting step and saving 
the capacity of a memory of a control system. 
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According to the present invention, there is 
provided a method of detecting a malfunction in an 
electric injection-molding machine, the method being 
applied to the step of ejecting a molded product by 
pushing an ejector pin out of a die, comprising: 

obtaining, in advance, a pattern showing torque of 
an ejector-pin driving motor versus time or a position 
of an ejector pin when a molded product is normally 
removed : 

setting in advance at least one monitoring zone 
and the upper and lower limits of torque in each of the 
monitoring zones based on the pattern; and 

monitoring a torque value in each of the 
monitoring zones during the ejecting step, judging that 
a malfunction occurs when the torque value falls 
outside the upper and lower limits of the monitoring 
zone, and raising an alarm. 

The time used here refers to the passage of time 
from initiation of pushing an ejector pin. The 
position used herein is the location of an ejector pin 

within the die. 

According to the method of the present invention, 

a monitoring zone is previously set on the normal 
pattern (in the case of normally removing a molded 
25 product) . For example, the monitoring zone is set 

within the period during which a relatively constant 
torque is obtained or in the period during which a 



20 



- 4 - 



specific pattern due to a malfunction is likely to 
appear. A malfunction can be accurately detected by 
monitoring the torque only in the monitoring zone. 

According to the method of the present invention, 
5 one or more monitoring zones and the upper and lower 

limits of torque in each monitoring zone are simply 
set. Therefore, compared to a conventional method 
which needs to store a reference pattern itself, a 
small amount of data is only stored in the method of 

10 the present invention. As a result, the memory space 

of a control system can be saved. 

In the method mentioned above, an alarm is raised 
immediately after a malfunction is detected. Instead, 
an alarm may be raised when the number of malfunctions 

15 detected in a single ejection step reaches a predeter- 

mined number. 

Alternatively, an alarm may be raised when the 
number of malfunctions detected within a predetermined 
time reaches a predetermined number. 

20 The method of detecting a malfunction may be 

applied to a hydraulic injection-molding machine in the 
same manner. In this case, the hydraulic pressure of 
an ejector-pin driving hydraulic pump is monitored in 
place of torque. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic diagram illustrating the 
structure of a motorized injection-molding machine to 
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which the malfunction detection method according to the 
present invention is to be applied; 

FIG. 2 is a graph showing an example of a pattern 
of driving torque versus time during a normal operation 
of the ejecting step; 

FIG. 3 is a graph showing an example of monitoring 
zones and the upper and lower limits of the driving 
torque in each monitoring zone during the ejecting 
step; 

FIG. 4 is a graph showing an example of a pattern 
of driving torque versus time when a malfunction takes 
place during the ejector-pin protruding step; and 

FIG. 5 is a schematic diagram illustrating the 
structure of a hydraulic injection-molding machine to 
which the malfunction detection method according to the 
present invention is to be applied. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a schematic diagram illustrating the 
structure of an electric injection-molding machine to 
which the malfunction detection method according to the 
present invention is to be applied. In the figure, 
reference numeral 1 represents a molded product, 2 a 
stationary die, 3 a movable die, 4 is an ejector pin, 6 
a movable platen, 15 a servo motor (ejector-pin driving 
motor) , and 20 is a control system. 

The movable die 3 is held on the front surface of 
the movable platen. The movable die 3 has a 
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through-hole formed at the center along the axis. An 
ejector pin 4 slidably housed in the through-hole. 
The ejector plate 5 is arranged between the movable die 

3 and the movable platen 6. The ejector plate 5 is 
5 supported by the front surface of the movable platen 6 

so as to move back and forth. The rear end of the 

ejector pin 4 is fixed at the center of the ejector 

plate 5. 

The movable platen 6 has a through-hole at the 
10 center along the axis and a rod 7 is movably placed in 

the through-hole. In the back of the movable platen 6, 
a plate 8 is arranged. The plate 8 is supported by a 
supporting rod 11 and a feed screw 12 so as to move 
back and forth with relative to the movable platen 6. 
15 The rear end of the rod 7 is fixed at the center of the 

plate 8. The feed screw 12 is connected to a 
servomotor 15 via gears. The position of the plate 8 
can be obtained from the output of a rotational angle 
detector 16 attached to the servomotor 15. 
20 m the injection molding machine, after the resin 

supplied between the stationary die 2 and movable die 3 
is set, the movable die is moved away from the 
stationary die 2 . A molded product 1 remains in the 
movable die 3 in contact with the front surface. 
25 Subsequently, the ejector pin 4 incorporated in the 

movable die 3 is pushed out of the die surface, thereby 
the molded product 1 is ejected and removed. 



The moving distance of the ejector pin 4 when a 
molded product 1 is pushed out can be determined based 
on the output of the rotational angle detector 16. The 
force of pushing the ejector pin 4 can be determined 
from the driving torque (that is, driving current) of 
the servomotor 15. 

The control system 20 for driving the ejector pin 
4 comprises an ejector control amplifier 21, a sensor 
input unit 22, a storage/arithmetic unit 23, a man- 
machine interface (MMI/F) 24 and a control output unit 
25. The ejector control amplifier 21 captures the 
driving torque and the rotation angle of the servomotor 
15 for driving the ejector pin 4 and controls the 
operation of the servomotor 15. The sensor input unit 
22 receives data of the driving torque and rotation 
angle of the servomotor 15 transmitted from the ejector 
control amplifier 21 and sends them to the storage/ 
arithmetic unit 23. The storage/arithmetic unit 23 
determines operation conditions of the servomotor 15 
based on the instructions input by the operator through 
the man machine interface 24 and sends instructions to 
the control output unit 25. The control output unit 25 
controls the operation of the servomotor 15 by sending 
a control signal to the ejector control amplifier 21. 

Now, the method of detecting a malfunction during 
the ejecting step, in which a molded product 1 is 
removed from the movable die 3 by using the ejector 



pin, will be explained as to the case of the electric 
ejection-molding machine shown in FIG. 1. 

First, as shown in FIG. 2, when a molded product 1 
is normally removed from the dies, a pattern showing 
the driving torque of the serve motor 15 with time is 
obtained and recorded as a reference pattern. In 
FIG. 2, the ejection initiation time is plotted on the 
origin point of the horizontal axis. 

Then, as shown in FIG. 3, one or more monitoring 
zones are set on the reference pattern and the upper 
and lower limits of the driving torque in each 
monitoring zone are set. The monitoring zones and the 
upper and lower limits thus set can be input by the 
operator into the control system 20 of the injection- 
molding machine. 

During the ejection step when a torque falls 
outside the upper and lower limits of any one of the 
monitoring zones, the control system 20 judges that a 
malfunction occurs. When a malfunction is detected, an 
alarm is raised to call the operator's attention and 
then the machine is stopped for safety's sake. 

In this case, the accuracy of detecting a 
malfunction can be improved by adequately setting a 
monitoring zone or zones on the reference pattern. The 
monitoring zone is usually set within the period during 
which a relatively constant driving torque is obtained 
or the period during which a specific pattern due to a 



malfunction is likely to appear, 

FIG . 4 shows a pattern showing the change of 
driving torque with time when a malfunction is 
detected. In this pattern, an abnormal peak of driving 
torque appears when the ejector pin 4 is pressed into a 
molded product 1. 

In the aforementioned example, change of driving 
torque with time is monitored. Instead, change of 
driving torque with respect to the position of the 
ejector pin 4 in the die may be monitored. In this 
case, a reference pattern, which shows change of 
driving torque of the servomotor 15 with respect to the 
position of an ejector pin, is first obtained in a 
normal operation (during which a molded product 1 is 
normally removed) . Second, monitoring zones are set on 
the reference pattern and the upper and lower limits of 
the driving torque in each of the monitoring zones are 
set. In this case, the position of the ejector pin 4 
(or ejector plate 5) may not be directly detected but 
determined by the output from the rotational angle 
detector 16 attached to the servomotor 15. 

The malfunction detection method mentioned above 
may be similarly applied to a hydraulic injection- 
molding machine. FIG. 5 shows a schematic diagram 
illustrating the structure of a hydraulic injection 
molding machine. In the figure, reference numeral 31 
represents a variable hydraulic pump, 32 a hydraulic 



actuator, 33 a position detector, 34 a directional 
control valve, and 21b an ejector control amplifier. 

In this case, a hydraulic driving mechanism for 
the ejector pin is used in place of the motorized 
driving mechanism used in the previous example. To 
explain more specifically, the hydraulic actuator 32, 
and the variable hydraulic pump 31 for driving the 
hydraulic actuator 32, the directional control valve 34 
which changes the moving direction of the hydraulic 
actuator 32 are used in place of the feed screw 12 and 
the servomotor 15. The ejector control amplifier 21b 
controls the variable hydraulic pump 31 while 
monitoring the pressure of the pump 31. The position 
of the ejector pin 4 is detected by the position 
detector 33. 

As is explained above, according to the present 
invention, it is possible to accurately detect a 
malfunction during the step of ejecting the ejector pin 
of the injection-molding machine. In addition, a large 
amount of data needs not to be stored in the memory of 
the control system. 



